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1 Introduction
According to the revised WID [1], objectives on the narrowband positioning using OTDOA are listed as follows:

· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

In this contribution, the configuration of downlink positioning reference signal for NB-IoT is discussed.
2 Discussions

2.1 Subframe configuration for NPRS
Compared with LTE, as the transmission bandwidth of NB-IoT is narrower, and larger numbers of UEs in deep coverage should be supported, more subframes have to be provided for NPRS transmission in order to meet the requirements of positioning performance. In general, the following two options can be considered for the subframe configuration for NPRS. The overheads of NPRS are the same for both options.
Option 1: Long periodicity with multiple continuous subframes allocated per period.
Figure 1 shows an example for this option, where 10 continuous  subframes per 100ms are allocated for NPRS. With this option, good signal measurement performance can be expected due to the coherent combination across multiple subframes. However, as Rel-13 NB-IoT UE does not know the NPRS subframes, collision between NPRS subframes and general DL transmissions may occur, which will worsen the performance of Rel-13 DL transmission. To solve this problem, the network should consider avoiding the possible collision when it allocates resources to Rel-13 DL transmissions. But it should be noted that these transmissions consist of UE-specific signalling/data and common signalling/data e.g. for Paging and RACH. The requirements for these signalling/data are diverse, and the nature of NB-IoT DL is mainly contiguous in time, meaning that the network scheduling will become very difficult.
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Figure 1. NPRS subframe configuration option 1
Option 2: Short periodicity with small number of subframes allocated per each period.

Figure 2 shows an example for this option, where 1 subframe per 10ms is allocated for NPRS. Furthermore, it is required that subframes containing NPRS are in  ‘invalid’ DL subframes. Compared with Option 1, there may be some performance loss for Option 2, but it will have smaller impact on the Rel-13 DL transmissions. As the invalid subframes are known by Rel-13 UE after receiving system information and NPRS is only allowed to be transmitted in invalid subframes, the NPRS subframes will be skipped when the legacy UE is receiving the associated downlink transmission. So, fewer restrictions are needed to be taken into account for the network scheduling.
By configuration of bitmap, it is also possible to allocate multiple subframes per frame for downlink positioning signal. In this way, the performance of downlink positioning can be improved.
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Figure 2. NPRS subframe configuration option 2

From the perspective of minimizing the impact on Rel-13 DL transmissions and network scheduling, Option 2 is preferred.

Proposal 1: By configuration of a periodic bitmap, NPRS subframes are a subset of invalid NB-IoT DL subframes.

2.2 NPRS muting

In LTE, in order to improve the hearability of PRS, a muting mechanism is used to reduce the interference between cells with same RE pattern of PRS. For NB-IoT, it is also possible that hearable cells use NPRS with same RE pattern in practical network, therefore it is beneficial to have a similar muting mechanism if interference between the cells is serious. An example of NPRS muting is shown in Figure 3, where NPRSs for Cell 1 and Cell 2 have the same subframe pattern. It can be understood that the interference between Cell 1 and Cell 2 can be reduced as no signal is transmitted in the muted subframe. The cost of introducing muting mechanism will be the increase of measurement time, as some NPRS subframes are muted and more subsequent NPRS subframes should be used to guarantee the positioning accuracy. The tradeoff between positioning accuracy and latency can be left to the network implementation.
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Figure 3. NPRS muting

Proposal 2: NPRS muting in the time domain is supported to improve hearability.
2.3 NPRS on multiple PRBs
In RAN1#86, some designs were presented where NPRS is transmitted on multiple PRBs, e.g. [2], [3]. The motivation to allow NPRS to be transmitted on multiple PRB is twofold. Firstly, the positioning performance can be improved because additional NPRS can be utilized by UE. The second one is that the impact of NPRS transmission on the anchor PRB resources can be minimized by offloading the NPRS from anchor PRB to non-anchor PRB. Considering the anchor PRB performs an important role to support the transmission of NPSS/NSSS, system information and necessary signalling for connection establishment, if NPRS is still transmitted in anchor PRB when the resource is limited, the system capacity to support massive devices will be reduced and the latency of signalling interaction will increase.

Proposal 3: NPRS transmission on non-anchor PRBs is supported.
NB-IoT UE can receive signal on only one carrier at a given time when multiple carriers are configured. Therefore, if NPRS are transmitted on multiple PRBs, UE can receive these NPRS by frequency hopping. To make NPRS on multiple PRBs receivable by frequency hopping, it is required that the NPRS subframes configured by the network on different PRBs are not aligned. Figure 4 shows an example of NPRS transmission on two PRBs. After receiving one NPRS subframe on one PRB, UE can switch to another PRB to receive the next NPRS subframe.
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Figure 4. NPRS subframe configuration on multiple PRBs

Proposal 4: NPRS on multiple NB-IoT carriers can be received by the UE by frequency hopping.
Proposal 5: NPRS subframes on different PRBs in one cell should not be aligned in order to support UE receiving NPRS of multiple PRBs by frequency hopping.
3 Conclusions
In this contribution, we discuss about the configuration of downlink positioning reference signal for NB-IoT. Based on the analysis, we propose the following:
Proposal 1: By configuration of a periodic bitmap, NPRS subframes are a subset of invalid NB-IoT DL subframes.
Proposal 2: NPRS muting in the time domain is supported to improve hearability
. 
Proposal 3: NPRS transmission on non-anchor PRBs is supported.

Proposal 4: NPRS on multiple NB-IoT carriers can be received by the UE by frequency hopping. 
Proposal 5:  NPRS subframes on different PRBs in one cell should not be aligned in order to support UE receiving NPRS of multiple PRBs by frequency hopping.
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